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@ A low and ambient temperature curable epoxy resin composition comprising 

a) an epoxy resin, 

b) an amine curing compound and 

c) a beta,gamma-dihydroxyamine as accelerator. 
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The present invention relates to an epoxy resin composition which is curable at ambient and low 

T^Tr. T''. - curing comXd and : 

™n^r K I ^"'^ accelerator. Epoxy resin compositions compriJng an amJie Sring 

. r^rr ; l"'^'"" ^"^ "^^'^^^ temperatures often require the use of an acceSator 

6 (catalyst) to speed up the reaction between the epoxy compound and the amine curing coloSd Wei 
known examples of such accelerators are nonylphenol. N-benzyldimethylamine. phenyfurea and stlic^S 

However when using these accelerators a phenomenon which occurs on the cured composition and 
"^1^ "whitening" can not always be prevented. Whitening is caused by a sWe reaction 

10 between the am.ne curing compound and carbon dioxide and is more likely to occur the Tower the c^e 
lb3fr«f".'' compositions showing whitening a^e un«e for 

Epoxy resin compositions which are curable at low temperature and high humidity comprisina an aminf 

curinn tfm^trnf ^ ^" ^^""^ composition, comprising an epoxy resin, an amine 

253 air^'^rn ' " ^"'^ ^" accelerating compound and/or other additives 

coafgs ^reSre^e"!'""'""'^' ''''' °^ ""''"'^'"^ '"♦^^'^^^ ^^^^'^ -^'av-e^ 

^ inrm?h ^^•'^""f ''°")P°"«"t Of Said opoxy resin composition lowers the viscosity of said composition and 
forms hydroxyalkylurethane structures upon reaction with the amine curing compound FurtheT t^e surface 
tZefn^f ^""^^ °! "P^'^^ compositions of EP-A.253.339 is b^ing imp^ed by addition 

the etc of a primary aliphatic monoalkylamine. which in particular should prevent the occurrence of 
whitening. The compositions of EP-A-253.339 have several disadvantages. Firstly the incoZation o 

35 urethane structures in the cured epoxy resin amine matrix Is not beneficial to the chem cal eSSanS of the 
comlir "^^^.f •.^^'^r'^ Adding an aliphatic monoalkylamine componeTto Thrlpo^ .Lsin 

^.r^^nfr"' ^ °' '^"^ composition can be prevented and thirdly the reported ouTZ^a- 

tures of the compositions are not lower than 5 -C. / lou i,ure lempera 

inn I!^f discloses a two component ambient temperature curable epoxy resin composition, consist- 

com^Ll^t '^"'^ .'^°'"P°"^"*' '^P"^"^a an epoxy resin and polyepichlorohydrin. and of a haSr 
component, compnsing a polymercaptan compound. . « lu or a naroener 

/w ^IT? compositions may further comprise a tertiary amine accelerator, such as for example 2 4etri- 
(dimethylaminomethyl)phenolordimethylaminoethanol as lor example 2.4.6tri- 

..rr.^J'^''^ '^^'^^"^ polyepichlorohydrin component has a toughening effect on the cured 

35 composition and the polymercaptan component imparts rapid cure characteristics to said composit on 

is /^LT^h" k"' °' •^^^^ disadvantages too. Rrstly. po^^Xch orohydrin 

LL^r^T "'^ °^ ""'''^^ undesirable in view of health, safety and environmrSraspec"s 
^tS; therlr"'""''*"" -°"'PO""<*« are unattractive to wori. with due to their obiectionable odSr aS 
ttiirdly these epoxy resm compositions cure at ambient temperature i.e. at temperatures not lower tt^Li Js 
40 -C which renders them useless for a whole area of applications which require lower cure temperaturrs 

The present invention now provides a solution to the objective problem of how ^0^6 eooxv 

ZoS;'"h- H°:'t-'°"' ^"^^^ ""^^^ -°"ditions Of kTtlSres an'S 

opfonally h.gh humidity, show good appearance, show good mechanical properties and whic^do not show 

. s::SuZi7:.T °* ^'''^"^ ''"''^'^'^ ^^-^ ^^^^^^ p^*- ^ ^^^y -m^^i^s 

compSrng"^"' *° '^"^^'''^ ^PO'^V composition 

a) an epoxy resin, 

b) an amine curing compound and 
50 c) an accelerator, 

characterized in ttiat the accelerator is a bete.gamma-dihydroxyamine 

t«ml«.°°'"'^il'°u^^''':°'''^'"^ *° under severe conditions of low 

mX7.T J-^' *° ^"^^"^ =*ate. an excellent appearance and g<^ 

mechanical properties, in particular good hardness, ^ 

55 Throughout this specification the following definitions will be adhered to: 

- "annbient temperature" defines a temperature range of from 20 • C to 30 « C 

"c to^aT-Tan^^ ''^^'"^^ ^ temperature range of from below 0 -C to 20 -C, in particular of from -5 
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- "high humidity" defines a humidity range of from 50 to 100%. 
Epoxy resin (a) of the composition according to the present invention, is a compound having on average- 
more than one epoxy group per molecule of the epoxy resin. The epoxy resin (a) may be saturated or 
unsaturated aliphatic, cycloaliphatic, aromatic or heterocyclic and may be substituted if desired with 

5 substituents such as halogen atoms, hydroxy groups, ether groups or other groups which do not interfere 
with the main reaction(s). Epoxy resin (a) may be monomeric and/or polymeric either liquid, semi solid or 
solid at the cure temperature of the composition of the invention. When epoxy resins (a) is a solid or semi 
solid, solutions thereof will normally be used e.g. in one of the solvents listed below. However, liquid epoxy 
resins (a) are preferably used. 

10 Examples of suitable cycloaliphatic epoxy resins are the polyglycidylethers of hydrogenated bisphenol- 
A and bisphenol-F and an example of a suitable aliphatic epoxy resin is the polyglycidylether of 
polyoxypropylene. 

Preferred epoxy resins (a) are the liquid polyglycidylethers of polyhydric alcohols and polyhydric 
phenolic compounds (in particular the phenol novolaks and the dihydric phenols) either used alone or as a 
75 blend. 

Suitable dihydric phenols for the preparation of the above polyglycidylethers are exemplified by 
resorcinol, hydroquinone. bisphenol-A, bisphenol-F, tetrabromobisphenol-A, 4.4'-dihydroxydiphenyl. 4,4'- 
dihydroxy-3,3'-dimethyldiphenylpropane, 4.4'-dihydroxydiphenylcyclohexane, 4,4'-dihydroxybenzophenone, 
bis(4-hydroxyphenyl)-1.1 -ethane, bis(4-hydroxyphenyl)-1,1-isobutane, bis(-4-hydroxy-tert-butylphenyl)-2,2- 

20 propane. bis(2-hydroxynaphtyl)ethane. and 1 ,5-dihydroxynaphtalene. bis(4-hydroxyphenyl)ether, and others 
such as the chlorinated and brominated products of the dihydric phenols just mentioned. 

Particularly preferred epoxy resins (a) are the liquid polyglycidylethers of bisphenol-A, or blends thereof 
with bisphenol-F, which have an epoxide equivalent weight (EEW) of from 150 to 250. The above 
polyglycidylethers can be prepared according to methods well known In the art by reacting epichlorohydrin 

25 with the appropriate polyol. 

The amine curing compound (b) of the epoxy resin composition according to the present invention may 
be selected from the group consisting of the polyfunctional aliphatic-, cycloaliphatic-, aromatic-, polyether- 
and araliphatic amines, imidazoles, mannich bases and adducts of amines with polymers and 
polyamidoamines, or mixtures thereof. Examples of aliphatic amines are the alkylene amines with 2 to 8 

30 carbon atoms in the alkylene group, such as ethylene diamine, diethylenetriamine, 2-ethyl-2-butyb1 ,5- 
diaminopentane, triethylenetetramine, tetraethylenepentamine. dipropylenetriamine, 2.2,4- or 2,4,4-trimethyl- 
hexamethylenediamine, bis-(3-aminopropyl)-methylamine, bis-(3-aminoethyl)-methylamine. 1 .4-bis-(3- 
amtnopropyl)-piperazine. N-aminoethylpiperazine, and N,N-bis(3-aminopropyl)-ethy!enediamine. Examples 
of cycloaliphatic amines are 1,2 or 1 ,3-diamlnocyclohexane, 1.4-diamino-3.6-diethylcyclohexane,2-diamino- 

35 4-ethy Icyclohexane. 1 .4-diamino-3,6-diethylcyclohexane, 1 -cyclohexyl-3.4-diaminocyclohexane, 

isophoronediamine. 4.4'-diaminodicyclohexylmethane, 4,4*-diaminodicyclohexylpropane, 2,2-bis(4- 
aminocyclohexyl)-propane, 3,3'-dimethyl-4.4' -diamino-dicyclohexylmethane, 3-amino-1-cyclohex- 
ylaminopropane, and 1.3- and 1,4-bis-(aminomethyl)-cyclohexane, Examples of aromatic amines are 4,4- 
diaminodiphenylmethane or isomers thereof and diethylene toluene diamine. 

40 Examples of suitable araliphatic amines are those amines wherein the amine groups are present on the 
aliphatic rest group, such as for example m-. and p-xylylenediamine or the hydrogenated products thereof. 

Examples of suitable polyether amines are e.g. bis(3-aminopropyl)polytetrahydrofuran compounds 
having a molecular weight of from 350 to 2100 and polytetrahydrofuran diamines having a molecular weight 
of from 1000 to 2000 and an example for a suitable imidazole is (3-aminopropyl)-imidazole. 

45 Each of the above mentioned amines may be used alone or as a mixture of one or more compounds. 

When using the highly reactive aliphatic amines such as for example ethylene diamine, diethylene 
triamlne or triethylene tetramine it is advisable to use them in the form of an adduct as indicated below in 
order to ensure a good appearance of the cured compositions. For low temperature cure the preferred 
amine curing compounds (b) are the mannich bases and the amine adducts. When cure temperatures lower 

50 than 10 are being applied the mannich bases are particularly preferred. 

Suitable mannich bases are for example those mentioned in US patent No. 4,269,742, which can be 
prepared according to methods known in the art. Mannich bases obtainable by reacting formaldehyde, 
diphenolpropane and a multifunctional amine are preferred, particularly preferred are the group of mannich 
bases which are obtainable by reacting a compound selected from formaldehyde, urea and formamide with 

55 diphenyfolpropane and meta-xylylenediamine. 

Suitable amine adducts are the adducts of any one of the above mentioned amines with a liquid or solid 
epoxy resin compound or with one of the reactive diluents listed below. An example of a useful amine 
adduct is the adduct of 2-ethyl-2-butyl-1 .5-diaminopentane and the diglycidylether of bisphenol-A having an 

3 
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mr/^H^T'^"* °^ *° °* ^'^d"'^* one of the above 

ZT?^H, ^^^^ ^'"^ - different amine used to prepare the adduct with) may also be 

favourably used as amine curing compound (b). 

. in„«Ili'nnHT°""!,°^ ^"""^ compound (b) used in the epoxy resin composition according to the 

H u °" '=°'^P°s't'o" ^"d on the curing conditions applied. In general the amount 

used w,ll be such so as to provide of from 0.5 to 1.5. preferably of from 0.8 to 1.2 amino hydrogen atoms 
per epoxy group of the epoxy resin (a). " 

The accelerator (c) as defined above accelerates the epoxy resin amine cure reaction, but is not 
capable a'one. i.e. m the absence of a curing agent, of curing the epoxy resin composition of the invention 
10 to any substantial degree at low and ambient temperatures. 

ri«fin?H -tTl^H^*""" f! "^!.'' ""^^ ^ ^"'^ ^"-"^ temperature of the composition, hereafter 

2f i! ■ The "se of liquid accelerators (c) in the composition according to 

the invention is preferred in particular in civil engineering applications, where good processability of the 
compositions under low temperature conditions is required. A liquid accelerator (c) may even function as 
viscosity lowering agent due to its viscosity cutting power. This may allow a reduction of the amount of 
solvent o (non) reactive diluent as defined below, when used in the compositions of the present invention It 
IS generaNy recognized that the amount of non reactive diluent should be kept as low as possible in view of 
the possible negative effect thereof on the reactivity of the composition and on the chemical- and physical 
properties of the cured composition. 

The accelerator (c) may be a primary-, a secondary- or a tertiary amine. Preferred accelerators (c) are 
beta.gamma-dihydroxy tertiary amines, even more preferred those being liquid at the cure temperature of 
the composition of the invention. Suitable beta,gammadihydroxy tertiary amines can be represented by the 
following general formula I k " uy 



15 



20 



25 



30 



\ I I I 7 
N C C C ^r' (I) 

2/ U I I 

R R OH OH 



wherein R and may each independently be a radical selected from the group consisting of C,-,a linear 
alkyi, C,-,2 branched alkyi, cyclic alkyl. aryl or aralkyl. or may form together a piperidino-, a morpholino- 
35 or a pyrrolidino radical, and wherein R3. R^ Rs. r. and R' may each independenSy be a radical setected 
from the group consisting of hydrogen, C, -,2 linear alkyl, C,-i2 branched alkyl. cyclic alkyl. aryl or aralkyl 
All said radicals may optionally be substituted by one or more inert substituents. Inert substituents are 
fhor!!?^ K ^^"^ ^"^ "^"^ °f ^ composition of the invention, examples 

thereof are ether- and halogen groups. The most preferred are the 3-dialkylaminoalkane-1,2-diols of the 

40 above formula (I) where in Ri and R^ may each independently be a radical selected from the group 
consisting of linear or branched alkyl having of from 1 to 12 carbon atoms, preferably of from 1 to 8 carbon 
atoms and wherein R3. ^ R^ ^ and R^ may each independently be a Radical sLcted from the g 0°^ 
consisting of hydrogen or linear or branched alkyl having of from 1 to 12 carbon atoms, preferably of from ^ 
to 8 carbon atoms. Said radicals being optionally substituted with Inert substituents. Examples of such 

45 accelerators are 3-(dimethylamino)propane-1.2-diol, 4-(dimethylamino)butane-2,3-diol. 5-(dimethylamino)- 
pentan^3,4-diol, 6-(dimethylamino)hexane^.5-diol. 7-(dimethylamino)heptane-5.6-diol. 8-(dimethylaminol 
ril"^ 1^ ^^^1^'"'"°^''™''^^ 4-(diethylamino)butane-2,3-diol. 5-(diethylamino)pentane- 

3.4^101. 6-(diethylamino)hexane-4,5-diol. 7-(diethylamino)heptane-5,6-diol. 8-(diethylamino)octane-6 7-diol 
3-(dipropylamino)propane-1 .2-diol. 4-(dipropylamino)butane-2,3-diol. 5-(dipropylamino)pentane-3,4-d ol 6- 

50 (dipropyternino)hexane-4,5-diol. 7-(dipropyl)aminoheptane-5.6-diol, 3-(N.N'methyl,ethylamino)propane-1 2- 
diol, 3-(N.N ethyl.propyl-amino)propane-1 ,2-diol and 3-(N,N'propyl,butyl-amino)propane-1 2-diol 

A particularly preferred accelerator (c) is 3-(diethylamino)propane-1.2-diol.The amount of accelerator (c) 
n m r ^^1*'°'"^°^'*!°" °^ *® '"^y "^'^ considerably however amounts lying in the range of from 

0.01 to 20% by weight, preferably of from 1 to 6«/, by weight per 100% by weight of epoxy resin (a) to be 

55 cured, will as a general rule suffice. = w 10 oe 

For obtaining the desired level of processability or handlebility of the epoxy resin composition of the 
inven lon at its working temperature, which is the temperature at which the composition of the invention is 
actually applied to a substrate, one or more solvents or reactive - or non reactive diluent(s) may be added 
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thereto. It will be appreciated that the working temperature is not always necessarily the cure temperature. 
Examples of suitable reactive diluents are liquid mono- or diglycidylethers of alcohols or phenols such as 
butanot. 2-ethylhexanol. hexanediol and cresol; and the liquid monoglycidylesters of monocarboxyllc acids 
such as saturated aliphatic monocarboxyllc acids, having a total number of carbon atoms of from 5 to 18. 

5 wherein the carboxyl group is attached to a tertiary or quaternary carbon atom (alpha-branched monocar- 
boxyllc acids). Examples of suitable solvents are ketones such as acetone and methylisobutylketone; esters 
such as ethylacetate. butylacetate. ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl 
ether acetate; ethers such as methyl- ethyl-, or butyl ethers of ethylene glycol or diethylene glycol; aromatic 
hydrocarbons such as benzene, toluene or xylene; alcohols such as methanol, ethanol, isopropylalcohol. n- 

70 butyl alcohol or benzylalcohol or mixtures of the compounds just mentioned. Examples of non reactive 
diluents are furfurylalcohoL nonylphenol, dibutylphthaiate, dioctylphthalate. dimethylpropyleneurea and 
benzylalcohol. The latter being a particularly preferred non reactive diluent. Whether a solvent or a (non) 
reactive diluent will be used in the composition of the invention will depend on the (inherent) viscosity of 
said composition and on the desired application viscosity. In general amounts of solvent or (non) reactive 

75 diluent may vary between of from 0 to 50% by weight, based on the weight of the epoxy resin (a), however 
for most applications an amount of from l.to 25% by weight, based on the weight of the epoxy resin (a), 
will suffice. 

The composition according to the invention may further comprise small amounts of additives when a 
particular application so requires, such as for example, fillers, organic and inorganic fibres, silicates, 

20 thixothropes and flame retarding agents. In order to prevent the occurrence of (premature) cure reactions in 
the epoxy resin composition of the invention before actual application thereof, storage should be in the form 
of at least a two pack system, one pack comprising at least the epoxy resin (a) and the other pack 
comprising at least the curing compound (b). Only shortly before application, thus preferably on site, these 
two packs should be mixed thoroughly. 

25 The accelerator (c) and the optional further additives indicated above, may be added as a whole to the 
epoxy resin (a) pack or to the curing compound (b) pack, or even partly to both packs, before storage of 
said packs, though for obvious reasons it is preferred to add the accelerator (c) to the curing compound (b) 
pack. Another option is to add the accelerator (c) and the optional further additives separately, when mixing 
the two packs, i.e. shortly before the moment of use of the resulting composition. 

30 After a mixture has been prepared comprising the epoxy resin (a), the resin curing agent (b), the 
accelerator (c) and optionally a solvent or (non) reactive diluent and any further additive(s), the epoxy resin 
composition of the Invention should be curable within an acceptable period of time. 

Cure temperatures of the compositions of the invention may vary considerably and may be as high as 
30 -C or below 0 'C e.g. -5 -C. 

35 The fact that the epoxy resin compositions of the invention are curable at such low temperatures 
without negatively affecting the appearance and hardness of said compositions after cure is considered a 
particular advantage. 

The cure time will inter alia depend on the specific components of the system being handled, on the 

thickness of the layer being applied, on the cure temperature(s) of the system and the temperature of the 
40 substrate and the temperature and the humidity of the environment. It should be noted that in particular 

those compositions of the invention comprising a mannich base as curing compound (b) show generally a 

relatively high reactivity and thus provide relatively short cure times. 

The present Invention further relates to a composition according to the invention which has been cured 

at ambient or low temperature. 
45 The epoxy resin compositions of the present invention are inter alia suitable for use in coatings and in 

civil engineering applications, for example in formulations for floorings, (solvent borne) primers, tank linings, 

concrete adhesives, crack injections, marine applications and for underwater applications. Other applications 

however are hereby not excluded. 

The invention is illustrated by the following examples. 

50 

EXAMPLES 

1 . Preparation and use of epoxy resin compositions 1 to 1 1 in table 1 

55 - Compositions 1.5,6,7,10 and 11 are according to the invention. 
Compositions 2,3,4,8 and 9 are for comparison. 
Formulations 1 to 10 are coating compositions. 
Formulation 11 is a flooring composition. 

5 
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Fc^mulafons 1 to 11 comprising the ingredients as indicated in table 1. were prepared shortly before 
a^«Lt '^'P^'^'"'^ °' P -C and a humidity of SO-/, by blending the curing compound wi^the 
accelerator for a period of time until a homogeneous blend was obtained whereafter the remaTnder of 
the components were added, followed by mixing until homogeneity remainder of 

" t!^^nLT formulations 1 to 11 was applied to a suitable substrate. The wet film layer 

thicknesses of the various compositions so applied were: ^ 
compositions 1 to 9: 200 micrometer, 
composition 10: 90 micrometer and 
composition 11: 1000 micrometer. 

- These layers were cured at a temperature and for a period of time as indicated in table 1 The 
humidity levels at ttie respective cure temperatures indicated In table 1 were- ' 
Cure T 23 • C, humidity 50% 

Cure TIG -C. humidity 65% 
Cure T 2 'C, humidity 80%. 

" bru^^t°2 ^T/, '^1" ^'"positions 1 and 5 were applied under water on a msty metal panel with a 

teCSure Of ^.J."™'"^^'^ -^^o-^ to cure under water for 7 day^S I 

2. Ingredients used in the compositions 1 to 11 in table 1: 

- Epoxy resin A is Epikote 828 (Epikote is a tradename), a liquid diglycidylether of Bisohenol A (BPA\ 

' S°2„T ■ ' 'S^. """^ "'^1'^ « s solution of 100 grams of Epli»te 

DX 801 a sem, solid polyslycidyl.lher of bi5plw»l A. having an EEW of from 455 to 600 tara 

• ^^*,"rr.eit;,srCdt;ardL^\i„^:^^^^^ 

- Accelerator A is 2-cIiethylaminopropane-1 ,2-dlol (DEAPD) 

- Accelerator B is salicylic acid 

- Accelerator C is nonylphenol 

- Accelerator D Is dimethylamlnoethanol 

- Benzylalcohol was used as a non reactive diluent in the compositions 1 to 10 

- The filler ingredients used in formulation 11 were: 

Sibeico M6 (Sibeico Is a tradename), a quartz floor component obtained from SIbeIco 

Krnnn'i'"^^^^^^ ^ ^"^'^'"^^ '^""^ '"^^^national Chemical Company (SICC) Ltd 

Kronos RN 59 Kronos ,s a tradename) a pigment obtained from Titan Gesellschaft GmBH Ge^naS 
Bayferrox 3 8 M (Bayferrox is a tradename) a pigment obtained from Bayer A.G, Germany 
Xylene a solvent obtained from SICC Ltd. vaerrnany. 
Tegopren (Tegopren is a tradename), an antifoaming agent obtained from Goldtschmidt 

wfck J<S wiu^ ^- ^•^P^^"^' A and a cresylglycidylether obtained from SICC Ltd. 

Wacker SL (Wacker ,s a tradename), an antifoaming agent obtained from Wacker Chemie. 

3. Analysis methods of the cured compositions 

- All analysis methods were carried out at 23 " C at a humidity of 50% 

' Irn J'^'.w*^'^''' '^'^''''"'^^ ^^'^^ ^""'"^ compound/accelerator homogeneous blend and the 

^Z^!lT "^^""ir/'" J. '^ homogenous epoxy resin formulation was dater« ^ 

minutes after mixing all ingredients according to ASTM D 2196. ^^^^nun^u o 

The Konig hardness (In seconds, s), was determined according to ISO 1522-73. 
The Buchholz hardness was determined according to ISO 2815-73. 

- The impact resistance (in Inch/Lb) was determined according to ASTM D 2794-84 

- The Erichsen Slow Penetration (mm) was determined according to ISO 1520-73 

" I^IV^^^TJ'''^.''^ compositions, (excellent, e; very good, vg; good, g; medium, m. bad b) was 
determined by visual inspection. ' ^' 
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4. Results 



- See table 1 . 

- The Buchholz hardness of compositions 1 and 5. which were applied under water and subsequently 
cured under water for a period of 7 days at 10 'C, was 80-85 s. whereas no loss of adhesion was 
being observed. 



5. Conclusion 



- Comparison of the data presented in table 1 In respect of a particular formulation according to the 
invention with the data of a particular comparative formulation which comprises the respective 
ingredients in (near) identical amounts, leads to the general conclusion that the compositions of the 
invention have a lower mix viscosity show a better appearance after cure, and show comparable 
hardness. 

- The composition of the invention of example 5 has a faster build up of the network than comparative 
composition 4. 

- Data presented in table 1 in relation to compositions 10 and 11 show that a solution of a (semi) solid 
epoxy resin compound (a) may also be favourably applied in compositions according to the invention 
and that a composition of the invention can also be favourably applied in flooring formulations. 

- Finally, the above mentioned results in respect of the under water application and cure of composi- 
tions 1 and 5 give evidence of the suitability of the epoxy resin compositions according to the 
invention for such applications. 
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55 Claims 

1- A low and ambient temperature curable epoxy resin composition comprising 
a) an epoxy resin, 



10 
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b) an amine curing compound and 

c) an accelerator, 

characterized in that the accelerator is a beta.gannma-dihydroxyannine. 

2. An epoxy resin composition as claimed in claim 1 wherein the accelerator (c) Is a beta.gamma- 
dihydroxy tertiary amine. 

3. An epoxy resin composition as claimed in claim 1 or 2 wherein the beta.gamma-dihydroxyamine is a 
compound selected from the group represented by the general formula (I) 



r1 r^ 

\ I 1 I 



7 



N C C C R (I) 

^5 R^ r"* oh oh 

wherein and may each independently be a radical selected from the group consisting of C1-12 
linear alkyi, C1-12 branched alkyl. cyclic alkyi, aryl or aralkyl, or may form together a piperidino-, a 
20 morpholino-, or a pyrrolidine radical, and wherein R^, R*. R^ R^ and R^ may each independently be a 
radical selected from the group consisting of hydrogen. C1-12 linear alkyl. C1-12 branched alkyl. cyclic 
alkyl, aryl or aralkyl. said radicals optionally being substituted with one or more Inert substituents. 

4. An epoxy resin composition as claimed in claim 3 wherein R^ and R^ may each independently be a 
25 radical selected from the group consisting of linear- or branched alkyl having of from 1 to 8 carbon 
atoms and wherein R^, R*, R^, R^ and R^ may each independently be a radical selected from the 
group consisting of hydrogen or linear- or branched alkyl having of from 1 to 8 carbon atoms, said 
radicals optionally being substituted with one or more inert substituents. 

30 5. An epoxy resin composition as claimed In any one of the claims 1 to 4 wherein the epoxy resin (a) Is a 
liquid polyglycidylether of a polyhydric alcohol or of a polyhydric phenolic compound or a mixture 
thereof. 

6- An epoxy resin composition as claimed in claim 5 wherein the epoxy resin (a) Is a polyglycidylether of 
35 bisphenol-A or a blend thereof with bisphenol-F having an epoxy equivalent weight of from 150 to 250. 

7. An epoxy resin composition as claimed In any one of the claims 1 to 6 wherein the amine curing 
compound (b) is selected from the group consisting of the polyfunctional aliphatic-, cycloaliphatic-. 
aromatic-, polyether- and araliphatic amines, imidazoles, mannich bases, adducts of amines with 

40 polymers, polyamidoamines. or mixtures of the aforesaid compounds. 

8. An epoxy resin composition as claimed In claim 7 wherein the amine curing compound (b) is a mannich 
base or an amine adduct. 

45 9- An epoxy resin composition as claimed in claim 8 wherein the amine curing compound b) is a mannich 
base which is the reaction product of a compound selected from formaldehyde, urea and formamide 
with diphenylolpropane and meta-xylylene-diamine. 

10. A cured composition comprising an epoxy resin composition as claimed in any one of the claims 1 to 
50 9. 
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